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Model TestingModel Testing

I.I. Numerical error analysis Numerical error analysis (WRR Lal, 2000)(WRR Lal, 2000)

II.II. Cell size, time step, run time analysis Cell size, time step, run time analysis (ASCE HY Lal, 1998)(ASCE HY Lal, 1998)

III.III. Analytical solutions used for calibration and Analytical solutions used for calibration and 
verification verification (ASCE HY 127(7) Lal, 2001, 2005)(ASCE HY 127(7) Lal, 2001, 2005)

IV.IV. Development of tools for calibration and parameter Development of tools for calibration and parameter 
analysis (SVD, LSQ, optimization) analysis (SVD, LSQ, optimization) (PEST manual, Lal, 1998)(PEST manual, Lal, 1998)

V.V. Early test beds Early test beds (JHE Lal, 1998c)(JHE Lal, 1998c)
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I. Numerical error analysisI. Numerical error analysis

Select proper time step and cell size so Select proper time step and cell size so 
that the solution is useful for the intended that the solution is useful for the intended 
purposepurpose

Provides a way to calculate model Provides a way to calculate model 
uncertainty due to numerical erroruncertainty due to numerical error

Used in sizing model applicationsUsed in sizing model applications
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No numerical model is perfectNo numerical model is perfect

Models approximate complicated systemsModels approximate complicated systems

Models leave out many components depending Models leave out many components depending 
on on discretizationdiscretization, design, and use, design, and use
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Fourier decomposition and Von Neumann analysisFourier decomposition and Von Neumann analysis
–– Models Models filter outfilter out Fourier components due toFourier components due to numerical numerical 

diffusiondiffusion

–– Models Models addadd Fourier components due toFourier components due to numerical numerical 
dispersiondispersion

Numerical error and stability analysisNumerical error and stability analysis
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Numerical errors are due to:Numerical errors are due to:

(A)(A) Representation of continuous functions using Representation of continuous functions using 
discrete methodsdiscrete methods

(B)(B) Insufficient space and time Insufficient space and time discretizationsdiscretizations

(C)(C) Computational errors due to propagation of Computational errors due to propagation of 
truncation errortruncation error

(Lal, WRR May 2000)(Lal, WRR May 2000)
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Numerical models have performance curvesNumerical models have performance curves

No free lunch; for the same mesh, accurate No free lunch; for the same mesh, accurate 
results require small results require small ∆∆t and long run timest and long run times

To see more spatial details, use small To see more spatial details, use small ∆∆x and x and 
pay a very high pricepay a very high price

Optimal Optimal discretizationdiscretization is based on benefitis based on benefit--
cost analysiscost analysis
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II. Model PerformanceII. Model Performance

Lal, 1998, ASCE HY 124(4)Lal, 1998, ASCE HY 124(4)
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How to measure the level of How to measure the level of discretizationdiscretization??
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Dimensionless Dimensionless discretizationdiscretization
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(A) Errors representing continuous functions using (A) Errors representing continuous functions using 
discrete valuesdiscrete values
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(B) (B) Insufficient space and time Insufficient space and time discretizationsdiscretizations
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Matching of ResolutionsMatching of Resolutions
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(C) Computational errors(C) Computational errors

Lal, 2000 WRR 36(5)
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III. Analytical solutions used for calibration III. Analytical solutions used for calibration 
and verificationand verification

Critical Guiding Principles:Critical Guiding Principles:
–– Understanding and controlling dimensional Understanding and controlling dimensional 

parameter groups parameter groups 

–– Understanding the  range of validityUnderstanding the  range of validity

–– Analytical solution is the best tool to test and verify Analytical solution is the best tool to test and verify 
the numerical methodthe numerical method

–– Analytical solutions can be used to determine Analytical solutions can be used to determine 
parametersparameters



Office of Modeling 18

Example where analytical solution is used to determine validityExample where analytical solution is used to determine validity
of the Diffusion Flow Assumptionof the Diffusion Flow Assumption

TS Sqrt(g/d) >30

(Ponce, 1978)

T = wave period
S = slope
d = depth
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Analytical solutions for testing solutionsAnalytical solutions for testing solutions
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Analytical solutions used to verify RSM resultsAnalytical solutions used to verify RSM results

Lal, 2000, ASCE HY 127(7)Lal, 2000, ASCE HY 127(7)
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Analytical solutions used to understand the physical Analytical solutions used to understand the physical 
processesprocesses

Vertical leakanceVertical leakance

Sediment resistanceSediment resistance

Canal-aquifer storage parameterCanal-aquifer storage parameter

Lal (Submitted to WRR)
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Analytical methods used to determine  parametersAnalytical methods used to determine  parameters
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Analytical methods used to determine parametersAnalytical methods used to determine parameters
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IV. Tools for calibration and parameter analysis IV. Tools for calibration and parameter analysis 
(SVD, LSQ, Optimization)(SVD, LSQ, Optimization)

Sensitivity analysisSensitivity analysis

Single Value Decomposition (SVD) is useful in Single Value Decomposition (SVD) is useful in 
determining parameter redundancies, determining parameter redundancies, 
groupings etc.; over parameterization (under groupings etc.; over parameterization (under 
determination) is a common problem determination) is a common problem 

SVD useful in determining the actual SVD useful in determining the actual 
parameter dimensionalityparameter dimensionality
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Tools for calibration and parameter analysisTools for calibration and parameter analysis
(SVD, LSQ, Optimization)(SVD, LSQ, Optimization)

SVD is useful in determining parameter SVD is useful in determining parameter 
covariance and correlation so that covariance and correlation so that 
parameters can be groupedparameters can be grouped

SVD and LSQ (Gauss Newton) methods are SVD and LSQ (Gauss Newton) methods are 
useful in parameter calibrationuseful in parameter calibration

Optimization is a way to calibrate parametersOptimization is a way to calibrate parameters
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HSE early test bedsHSE early test beds

AxisymmetricAxisymmetric problemsproblems

Analytical solutions for integrated streamAnalytical solutions for integrated stream--
aquifer problems in dimensionless termsaquifer problems in dimensionless terms

Test problems from Test problems from ViessmanViessman (1977) and (1977) and 
Wang (1982) etc.Wang (1982) etc.

Compare analytical and RSM estimates of Compare analytical and RSM estimates of 
errorerror
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Error tableError table
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Benchmark #11Benchmark #11

From Viessman and Knapp (1972)
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UNET Model ComparisonUNET Model Comparison

(USACE 1998)
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Comparison between HSE and UNET modelComparison between HSE and UNET model

(USACE 1998)
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V. Early applicationsV. Early applications

Ken Tarboton will cover these early applicationsKen Tarboton will cover these early applications
–– Kissimmee BasinKissimmee Basin

–– Everglades National ParkEverglades National Park

–– LL--8 Drainage Basin8 Drainage Basin

–– Loxahatchee National Wildlife Reserve (WCALoxahatchee National Wildlife Reserve (WCA--1)1)

–– Southwest FloridaSouthwest Florida

–– North Palm Beach County PreNorth Palm Beach County Pre--DrainageDrainage

–– Southern EvergladesSouthern Everglades

–– South Florida (SFRSM)South Florida (SFRSM)


